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1.0 SUMMARY OF FINDINGS

1.1 SYSTEM CRITICALITY

The Link-Belt 40-Ton Mobile Crane HSP-8040 System is assessed as critical
because dropping the load could cause loss of 1ife, vehicle and/or damage of a
vehicle system. See section 2.4 for additional information.

1.2 MECHANICAL CRITICAL ITEMS

There were three Category 1 or 2 mechanical Critical Items identified in this
analysis, which are summarized below. Additional information can be found in
sections 2.5 and 3.0.

Mechanical Critical Items

Ref Des/ Critical Failure

Find No. Nomenclature Failure Mode Category

Model 10/ Reduction Unit Disengages 1

Kit 420 Assembly

37805 Winch Brake Brake slips or 1
Assembly fails to engage

46F0085 Swing Speed Reducer Assembly  Disengages 2

1.3 ELECTRICAL CRITICAL ITEMS
There were no electrical critical items identified in this analysis.
1.4 CRITICAL CONTROL/MONITOR FUNCTIONS

There are no Launch Commit Criteria requirements for this system; therefore,
no Launch Commit Criteria Review is required.

There are no LPS control/monitor functions associated with the critical
functions identified in section 2.4 for this system,

There is no prerequisite or reactive control logic associated with the
critical functions identified in section 2.4 for this system/equipment;
therefore, no Software Application Set Review is required.

There are no Ground Launch Sequencer sequences required for the critical
functions identified in section 2.4 for this system/equipment; therefore, no
Ground Launch Sequencer Review is required.

There are no Launch Commit Criteria requirements for the critical functions

identified in section 2.4 for this system/equipment; therefore, no Launch
Commit Criteria Review is required.
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1.5 HAZARDS IDENTIFIED

There were no hazards jdentified in this system.

1.6 CRITICAL FLEXHOSES

There were no critical flexhoses identified in this system.

1.7 CRITICAL ORIFICES

There were no critical orifices identified in this system.

1.8 CRITICAL FILTERS

There were no critical filters identified in this system.

1.9 END-TO-END AREAS OF CONCERN

The following areas of concern were identified:

de

The mobile crane has an audio/visual anti-two block system that
alerts the operator that a two block situation (hook block or ball
contacting the sheaves of the boom head machinery) is imminent. The
system is activated when the hook ball or block contacts a suspended
weight. The operator stops hoisting to prevent the two block situa-
tion. This system is not the same as the one upper limit switch to
prevent two blocking as required by paragraph 3.2.6.F of
NSS/G0-1740.9 dated July 1988. See section 6.2 for details.

1.10 SNEAK CIRCUITS IDENTIFIED

There was no Sneak Circuit Analysis performed on this system.

1.11 RECOMMENDATIONS

The risk associated with the Critical Items identified in section 3.0 should
be accepted by management based on the acceptance rationale provided on the
CIL Sheets.

1.12 CRITICALITY CATEGORY 1R STAR (1R*) ITEMS

There were no criticality category 1R* items identified during the analysis of
the critical output functions identified in section 2.4 for this equipment.

2.0 FAILURE MODE AND EFFECTS ANALYSIS

2.1 SYSTEM BASELINE

This system is baselined for STS by 79K09579, 8-17-88, "KSC STS/Cargo
Identification List for Facilities, Systems, and Equipment by Baseline
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Number." The OMD Baseline No. is 330.00. "System Documentation List"
79K11010 establishes the system baseline configuration.

2.2 GROUND RULES/DEFINITIONS/DOCUMENTATION

2.2.1 GROUND RULES. This analysis has been developed in accordance with NSTS
22206, Rev. B, "Instructions for Preparation of Failure Modes and Effects
Analysis (FMEA) and Critical Items List (CIL)," and the following additional
ground rules and assumptions:

a. Criticality Category 1 applies to the critical items because of plans
to use the 40-ton mobile crane to 1ift any load within the capability
of the crane including flight hardware and/or GSE containing hazard-
ous materials (e.g., the APU Fuel Cart at the launch pad).

b. Passive components will not be analyzed in the FMEA. The current list
of passive components includes the following:

Find Dwg .
Item No. No.
Mechanical Passive Components
Hook Ball & Swivel 46M0623 PM 18-4-14.0
Socket & Wedge 8Y0004 PM 16-5-19.0
1Y0087
Wire Rope Spec. 990704366 NA PM 16-5-23.0
4 Sheave Head Machinery NA PM 17-9-32.0
Boom Tip Section NA PM 17-1-84.0
Boom Inner Mid Section NA PM 17-1-84.0
Boom Base Section NA PM 17-1-84.0
Fly (Boom Extension) 46M0566 PM 17-10-53.0
Upper Revolving Frame and Turntable NA PM 3-1-111.0
Counterweight 5780062 PM 3-3-85.0
Chassis NA NA
Locomotion Components (transmission, NA NA
drive shaft, axles, tires, suspension)
Winch Frame 57D0052 PM 5-4-82.0
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Find Dwg.
Item _No. _No.
Hydraulic Passive Components
Rotating Joint 53J0115 PM 1-48-80.01
Hydraulic Reservoir 5340085 PM 1-39-47.01
0i1 Cooler 46A0974 PM 1-75-135.00

2.2.1.1 Failure of Redundant Items and Redundant Item Screens.

2.2.1.1.1 Failure of Redundant Items. The combined effect of failure for two
like and/or unlike redundant items which could result in loss of life/vehicle
will be analyzed. Failure of redundant items with possible Criticality Cate-
gory 1 effects will be classified as 1R Star (1R*) items. Failures within the
system power and controls which could cause loss of either one of the redun-
dant hardware items will be listed as the cause(s) for the failure of the re-
dundant hardware items. Requirements for periodic validation of these IR*
items will be invoked through the OMRS File VI. See section 9.0 for addi-
tional information.

2.2.1.1.2 Redundant Item Screens. Identified 1R* items will be evaluated in
section 9.0 in accordance with the redundancy screens described below. The
Redundancy Screens are:

Screen A - The redundant item is capable of being checked and verified during
normal ground operations.

Screen B - Loss of the redundant item is readily detectable by the ground
crew. (This screen is not applicable to standby redundancy.)

Screen C - Loss of all redundant items cannot result from a single credible
cause, such as contamination.

2.2.2 DEFINITIONS OF CRITICALITY AND HAZARD CATEGORIES. The following criti=-
cality and hazard categories were used throughout this analysis.

2.2.2.1 Criticality Definitions and Categories. Criticality definitions and
categories are defined as follows:

Category Definitions
1 A single failure that could cause loss of life

or vehicle.
1R* A single failure that when coupled with the

failure of a 1ike or unlike redundant hardware
item could cause loss of life or vehicle.
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Category Definitions
18 A single failure in a safety or hazard monitor-

ing system that could cause the system to fail
to detect, combat, or operate when needed dur-
ing the existence of a hazardous condition and
could result in loss of life or vehicle.

2 A single failure that could cause loss (damage)
of a vehicle system.

3 All others.
Cause - Major reason or event that produces a failure mode.
Critical Equipment/System - Ground Support Equipment/Facility Systems are
assessed as critical if loss of overall system function or improper perform-

ance of a system function could result in the loss of life, loss of vehicle,
or damage to a vehicle system.

Critical Item - A critical item is defined as a Criticality Category 1, 15, or
2 Single Failure Point.

Criticality Assessment - An analysis of each system function to determine if
Toss or improper performance of the function could result in a critical or
noncritical effect.

Like Redundancy - Similar hardware items performing the same function.

Unlike Redundancy - Non-identical items performing the same function.

2.2.2.2 Hazard Categories. Hazard categories have been defined as follows:

Hazard - The presence of a potential risk situation caused by an unsafe act or
condition.

Hazard Analysis - The determination of potential sources of danger and
recommended resolutions in a timely manner for those conditions found in
either the hardware/software systems, the person-machine relationship, or
both, which cause loss of personnel capability, loss of system, or loss of
life or injury to the public.

Hazard Report Closure Classification.

a. Eliminated Hazard - A hazard that has been eliminated by removing the
hazard source or by deleting the hazardous operations.

b. Controlled Hazard - The 1likelihood of occurrence has been reduced to

an acceptable level by implementing the appropriate hazard reduction
precedence sequence to comply with program requirements.
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c. Accepted Risk - Hazard which has not been counteracted by redundancy
purge provisions, appropriate safety factors, containment/isolation
provision, backup system/operation, safety devices, alarm/caution and
warning devices, or special automatic/manual procedures. Catastroph-
ic hazards, critical hazards, hazards resulting from failure to meet
program requirements, and Single Failure Points (SFPs) in emergency
systems will be documented. A hazard will be classified as an
"accepted risk" only after (1) all reasonable risk avoidance measures
have been identified, studied, and documented; (2) project/program
management has made a decision to accept the risk on the basis of
documented risk acceptance raticnale; and (3) Safety management has
concurred in the accepted risk rationale.

Hazard Levels - The hazard level assigned to the identified hazard prior to
applying the Hazard Reduction Precedence Sequence (HRPS) corrective action.
Include hazard carried over for tracing from previous phases:

a. Catastrophic - No time or means are available for corrective action.

b. Critical - May be counteracted by emergency action performed in a
timely manner.

c. Controlled - Has been countered by appropriate design, safety
devices, alarm/caution and warning devices, or special automatic/
manual procedures,

Hazard Report Status.

a. Closed - Corrective action to eliminate or control the hazard is com-
pleted, evaluated, and verified and management actions to accept the
safety risks are completed. Actions taken, organization which per-
formed actions and completion dates are to be documented in this data
element.

b. Open - Corrective action evaluation and verification is in progress.
The status shall remain open until management has reviewed the
actions taken and accepted the safety risk. Actions required,
organization responsible for performing the actions and due dates are
to be documented in this data element.

2.2.3 DOCUMENTATION LIST. The following documents were used in completing
this analysis:

Qutstanding
Document/Drawing No. Rev. EOs Title
NSTS 22254 — - Methodology for Conduct of
NSTS Hazard Analysis
29 CFR 1910 — — OSHA Standards
9
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OQutstanding
Document/Drawing No. Rev. EQs Title

NSTS 22206 B - Instructions for Preparation
of Failure Modes and Effects
Analysis (FMEA) and Critical
Items List (CIL)

NSS/G0-1740.9 July 1988 NASA Safety Standard for Lift-
ing Devices and Equipment

Book No. 647 - - Operator's Maintenance
Manual, Model HSP-8040,
Serial No. 53H7-0816,
Link-Belt Construction
Equipment

Book No. 699 - - Shop Manual, Model HSP-8040,
Serial No. 53H7-0816,
Link-Belt Construction
Equipment

RT-ENG-2/89-97 - - The KSC Approach to Ground
Support Equipment Failure
Modes and Effects Analysis
(FMEAs)

RT-ENG-2/89-65 - - The KSC Approach to Ground
Support Equipment Failure
Modes and Effects Analysis
(FMEAs) With Redlined NSTS
22206 Rev. B.

NOTE: Drawing numbers in this SAA that are prefixed by the letters "PM,"
such as PM 5-4-62.0, are from the Link-Belt Parts Manual.

Book No. N/A Parts Manual, Model
HSP-8040, Serial No.
53H7-0816, Link-Belt
Construction Equipment

NOTE: Drawing numbers in this SAA that are prefixed by the letters "SM,"
such as SM 7-0-71.0, are from the Link-Belt Shop Manual.

SM7-0-71.0 Main Hydraulic System
. Diagram - Upper, Figure 1,

Link-Belt Construction
Equipment

10
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2.3 SYSTEM DESCRIPTION

The Link-Belt 40-Ton Mobile Crane, Model HSP-8040, is used at KSC in support
of the Shuttle program at the contingency landing sites and other station sets
for general critical lifts.

The crane consists of a chasis and upperstructure. The upperstructure is
mounted on the chassis by means of a turntable. This allows the upperstruc-
ture to rotate on a single axis above the chassis. A boom mounted on the
upperstructure may be raised, lTowered, and positioned horizontally along with
any load suspended from it. The load is positioned vertically by means of a
hoisting system.

Upperstructure

Boom - Three section boom measuring 35'-0" closed and 85'-0" extended.
Equipped with boom length/angle indicator and anti-two block system.

Cab and Controls - Control levers for (1) raising and lowering the boom, (2)
raising and lowering the load with the hoist, (3) extending or re-
tracting the middle telescoping cylinder for the boom, (4) extending
or retracting the tip telescoping cylinder for the boom, and (5)
swing lever for rotating the upperstructure. There are foot controls
for (1) the swing brake and (2) additional foot control for boom
raising and lowering.

Swing - Bi-directional hydraulic swing motor mounted to a planetary reducer
for 360 deg. continuous smooth swing at 2.45 rpm.

Swing brake - Manually applied spring released, disc brake mounted on the
swing speed reducer.

Swing Tock - 360 deg. position and a two position travel lock operated from
the operator's cab.

Hydraulic system - Main pump of tandem, triple gear design powered by a torque
converter through a pump disconnect. Steering/outrigger pump of
single gear type design powered by a torque converter through a
straight mechanical drive. The reservoir of 140 U.S. gallon capacity
contains a return line filter mounted at the fill port and has
diffusers for deareation. There are five separate control valves
allowing simultaneous operation of all crane functions. This is a
3000 PSI pressure system.

Load hoist system - Rear winch mounted at end of counterweight beam with two-
speed motor and automatic brake. Has power up/power down mode of
operation. Bi-directional gear type hydraulic motor. Maximum
available Tine pull of 15,870 1bs., and a maximum Tine speed of 548
fpm.

11
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Flectrical system - There are six categories of circuits that make up the
electrical system.

1.) Primary Power.

2.) Engine and Transmission Controls - For starting, transmission
shift select, and ether injector.

3.) Monitoring Group - For engine, transmission, hydraulic system,
axle and park brake indicators and instrument power (anti-two
block system and boom length/boom angle indicator).

4.) Lights and Horns.

5.) Equipment Controls - For outriggers, hoist axle oscillation
steering, 4-wheel drive, and park brake controls.

6.) Accessories - For heater, defroster, windshield wipers, etc.

Air System - There are three areas the compressed air system serves.
1.) Brakes - For air over hydraulic pressure convertors for the
brakes, stop 1ight switch, and low air pressure switch.
2.) Throttle - For throttle lock and throttle control cylinder.
3.) Hoist shift - For the two speed hoist shift.

Anti-Two Block System - This is an audio/visual system that alerts the
operator that a two block situation (hook block or ball contacting
the sheaves of the boom head machinery) is imminent. The system is
activated, a 1ight will illuminate and a horn will sound, when the
hook ball or block contacts a suspended weight. The operator stops
hoisting to prevent the two block situation. The warning devices are
integral with the boom length/boom angle indicator unit.

Boom Length/Boom Angle Indicator - This is a programmable audio/visual system
that constantly displays either boom angle or boom length as
requested and displays and sounds an alarm (horn) when the minimum or
maximum parameters are attained. The warning devices for the
anti-two block system are integral with this unit.

Chassis

Frame = Welded steel construction.

Axles - Planetary drive steer type, both front and rear.

Service brakes - Air over hydraulic, drum type on each wheel.

Steering - Hydraulic two wheel, four wheel and "crab" steering.

Transmission - Power shift transmission with front wheel disconnect for 2 or
d-wheel drive.

Outriggers - Four hydraulic, beam and jack outriggers. Vertical jack
cylinders equipped with integral holding valve. Equipped with
stowable, Tightweight floats.

12
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2.4 SYSTEM CRITICALITY ASSESSMENT

The system functions are identified in figure 3, System Functional Block
Diagram, and assessed on the following Criticality Assessment Summary Sheets
(form 21-375a).

16
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INPUT FUNCTIONS . QUTPUT FUNCTIUNS’
o Control Panel LINK=BELT o Position Load
- Raise/Lower
40-TON - Hold (Stop)
MOBILE CRANE o Boom Function
- Extend/Retract
HSP-8040 - Raise/Lower

Upperstructure Rotation

o

Qutrigger Stowage and
Deployment

o

o Chassis Surface Travel

Figure 4. Link-Belt 40-Ton Mobile Crane HSP-8040 System
Functional Block Diagram

17
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2.5 MECHANICAL FMEA WORKSHEETS AND BLOCK DIAGRAMS

The mechanical components of this system are identified from the documents and
diagrams referenced in the Documentation List and are analyzed on the follow-
ing FMEA worksheets (form 21-232a).
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TWO SPEED
VALVE

HOIST
MOTOR

WINCH
BRAKE
ASSEMBLY

HOOK BALL
AND SWIVEL

REDUCTION SOCKET AND
UNIT ASSEMBLY WEDGE

WIRE ROPE

HOIST DRUM
AND SHAFT
ASSEMBLY

4 SHEAVE HEAD
MACHINERY

LEGEND:

ACTIVE

C) PASSIVE

Figure 5. Hoist System Block Diagram
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2.6 ELECTRICAL FMEA WORKSHEETS AND BLOCK DIAGRAMS

The electrical components of this system were identified from the documents
and diagrams referenced in the Documentation List and are analyzed on the
following FMEA worksheets (form 21-232a).
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2.7 FLEXHOSE FMEA WORKSHEETS

The flexible hoses which serve this system have been jdentified and are
analyzed on the following Flexhose FMEA worksheets (form 29-463).
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2.8 ORIFICE FMEA WORKSHEETS
There were no critical orifices identified in this analysis. The hydraulic
and compressed air systems, which are analyzed in their respective FMEA work-

sheets, contain orifices which are an integral part of those systems
components.

2.9 FILTER FMEA WORKSHEETS

The filters which serve this system have been identified and are analyzed on
the following Filter FMEA worksheet (form 29-462).
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3.0 CRITICAL ITEMS LIST (CIL)

There were two Critical Items identified in this system which are summarized
on the following Critical Hardware List and associated Critical Item Analysis
Sheets.

3.1 CRITICAL HARDWARE LIST (CHL)

The Critical Items identified in this system are summarized on the following
Critical Hardware List.
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Critical Hardware List

SAAQ9FT01-006

B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Project Element: Cranes, Mobile

Subsystem: Link-Belt 40-Ton Mobile Crane HSP-8040

FM NO. 09FTO1-006.003

Page 1 of 1
LRU PART NUMBER/ LRU QrTY LRU
REFERENCE DESIGNATOR PART NAME (per subsystem)| CRITICALITY
FMEA P/N FMEA PART NAME/FM NO. (QTY per LRU) FM CRIT
LRU P/N MODEL 10/KIT REDUCTION UNIT ASS'Y., WINCH 1 1
420
MODEL 10/KIT 420 REDUCTION UNIT ASS'Y. 1 1
FM NO. 09FT01-006.001
LRU P/N 37805 BRAKE, WINCH 1 1
37805 BRAKE 1 1
FM NO. Q9FT01-006.002
LRU P/N 46F 0085 SWING SPEED REDUCER ASSEMBLY 2 2
46F 0085 SWING SPEED REDUCER ASSEMBLY 2 2

890929keM3-891
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3.2 CRITICAL ITEMS ANALYSIS SHEETS

The following Critical Items Analysis Sheets identify the rationale for
accepting the risk of retaining the Critical Items.

29
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B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Critical Item: Reduction Unit Ass'y. (1 Item)

Find Number: Model 10/Kit 420

Criticality Category: 1

SAA No: O09FTOl-006 System/Area: Link-Belt 40-Ton Mobile
- Crane/Multiple Station
Sets
NASA PMN/  H72-1394/
Part No: N/A Name: Link-Belt 40-Ton Mobile Crane
Mfg/ Auburn Gear Drawing/ Link-Belt
Part No: Model 10/Kit 420, Sheet No: PM 5-7-74.0

(FN: 46D0102)

Function: Transfers torque from the winch drive hydraulic motor to the winch
wire rope drum.

Critical Failure Mode: Gears Disengage. FM No. 09FT01-006.001.

Failure Cause: Structural failure of the gear assembly.

Fajlure Effect: Torque for holding load will be lost. Load suspended from
hook may drop. Possible loss of life, vehicle or loss (damage) to a vehicle
system could result if a Toad containing hazardous materials (e.g., the
hydrazine cart at the launch pad) were dropped.

Acceptance Rationale

Design:

o The Reduction Unit Assembly is an off-the-shelf item manufactured by
Auburn Gear. Its design complies with AGMA and SAE standards.

o The gears are splined to shafts or integrally machined and are retained
in place by shoulders within the confines of the gearcase.

o The manufacturer has factory tested a sample Reduction Unit Assembly for
static ultimate strength and found the output torque to exceed 450,000
inch-pounds. The unit is rated at 90,000 inch-pounds for continuous
operation. This results in a safety margin of 5 to 1.

o Vendor load charts are provided with the mobile crane specifying load,
boom angle, and boom extension to prevent overloading the Reduction Unit
Assembly, which would lead to damage or failure.

100

8908251sM3-891



SAAQ9FTO1-006

B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Reduction Unit Ass'y. Model 10/Kit 420 (Continued)

Test:

o In accordance with NASA safety standard for 1ifting devices and equip-
ment, NSS/G0-1740.9, mobile cranes shall be Toad tested and operationally
tested within 12 months prior to performing a critical 1ift. The mobile
crane will be Toad tested with a load equal to the rated load at the
minimum radius in accordance with the manufacturer's load chart. Being a
part of the hoisting system, the Reduction Unit Assembly is included in
the load test.

o OMRSD File VI will require verification of annual load test prior to each
critical use.

o PMI No. HDO will require annual oil sample testing by spectographic or
chemical analysis.

Inspection:
o PMI No. HDO requires quarterly inspections to:

- examine unit for weld cracks and structural damage
- inspect and maintain gear oil Tevel in the reduction unit assembly

Failure History:

o No failure history was found at the manufacturer, in the GIDEP data base,
or the PRACA data base.

Operational Use:

o0 Correcting Action:
There is no action which can be taken to mitigate the failure effect.

o Timeframe:

Since no correcting action is available, timeframe does not apply.

101
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SAAO9FTO01-006
B/L: 330,00
SYS: LINK-BELT

40-TON
MOBILE CRANE
HSP-8040
Critical Item: Winch Brake Ass'y. (1 Item)
Find Number: 37805
Criticality Category: 1
SAA No: 09FT01-006 System/Area: Link-Belt 40-Ton Mobile
Crane/Multiple Station
Sets
NASA PMN/  H72-1394/
Part No: N/A Name: Link-Belt 40-Ton Mobile Crane
Mfg/ AUSCO Drawing/ Link-Belt
Part No: 37805 Sheet No: PM 5-12-124.0

(FN: 53D0098)

Function: Prevents rotation of winch drum when winch drive motor is not oper-
ating and when load is suspended.

Critical Failure Mode: Brake slips or fails to engage. FM No. O9FTOl-
006.002.

Failure Cause: Structural failure of the brake mechanism.

Failure Effect: Torque for holding load will be Tost. Load suspended from
hook may drop. Possible loss of life, vehicle or loss (damage) to a vehicle
system could result if a load containing hazardous materials (e.g., the
hydrazine cart at the launch pad) were dropped.

Acceptance Rationale

Design:

o The Winch Brake Assembly is an off-the-shelf item manufactured by Auto
Specialties Manufacturing Co. (AUSCO).

o The rotating discs are splined to the output shaft, the stationary discs
are grooved to fit into the piston and are retained in place by shoulders
within the confines of the brake housing.

102
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B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Winch Brake Ass'y. 37805 (Continued)
o Vendor load charts are provided with the mobile crane specifying load,
boom angle, and boom extension to prevent overloading the Winch Brake
Assembly which would lead to damage or failure.

Test:

o In accordance with NASA safety standard for 1ifting devices and equip-
ment, NSS/G0-1740.9, mobile cranes shall be load tested and operationally
tested within 12 months prior to performing a critical 1ift. The mobile

crane will be load tested with a load equal to the rated load at the
minimum radius in accordance with the manufacturer's load chart. Being a
part of the hoisting system, the Winch Brake Assembly is included in the

load test.

o OMRSD File VI will require verification of annual load test prior to each
critical use.

Inspection:

o PMI No. HDO requires quarterly inspections to:

- examine unit for weld cracks and structural damage

Failure History:

o No failure history was found at the manufacturer, in the GIDEP data base,
or the PRACA data base.

Operational Use:

o Correcting Action:

There is no action which can be taken to mitigate the failure effect.

o Timeframe:

Since no correcting action is available, timeframe does not apply.
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B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Critical Item: Swing Speed Reducer Assembly (1 Item)

Find Number: 46F0085

Criticality Category: 2

SAA No: O09FT01-006 System/Area: Link-Belt 40-Ton Mobile
Crane/Multiple Station
Sets "

NASA PMN/ . H72-1394/

Part No: N/A ' Name: Link-Belt 40-Ton Mobile Crane

Mfg/ Gear Prod. Inc. Drawing/ Link-Belt

Part No: (FN: 46F0085) Sheet No: PM 4-10-17.0

Function: Transfers torque from the swing drive hydraulic motor to the
turntabTe assembly.

Critical Failure Mode: Gears disengage. FM No. 09FT01-006.003.

Failure Cause: Structural failure of the gear assembly.

Failure Effect: Torque for controlling the horizontal rotation and holding
upper structure in position will be lost. Load may impact flight hardware
and/or GSE resulting in damage to flight hardware.

Acceptance Rationale

Design:

0 The Swing Speed Reducer is an off-the-shelf item from Gear Products Inc.,
Tulsa OK. Its design is in accordance with AGMA and CMAA standards.

0 The Swing Brake is included in the assembly and is actuated by manual
force applied through the Swing Brake foot pedal.

o The gears are splined to the shafts or integrally machined and are
retained in place by shoulders within the confines of the gearcase.

104
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B/L: 330.00

SYS: LINK-BELT
40-TON
MOBILE CRANE
HSP-8040

Swing Speed Reducer Assembly 46F0085 (Continued)

Test:

o In accordance with NASA safety standard for 1ifting devices and equip-
ment, NSS/G0-1740.9, mobile cranes shall be load tested and operationally
tested within 12 months prior to performing a critical 1ift. The mobile
crane will be Toad tested with a load equal to the rated load at the
minimum radius in accordance with the manufacturer's load chart. The
swing function will be operationally verified during this test.

o OMRSD File VI will require verification of annual load test prior to each
critical use.

Inspection:
0 PMI No. HDO requires quarterly inspection to:

examine unit for wg]d cracks and structural damage
inspect and maintain gear oil in the gearcase.

Failure History:

o No failure history was found at the manufacturer, in the GIDEP data base,
or the PRACA data base.

Operational Use:

o Correcting Action:

There is no action which can be taken to mitigate the failure effect.

o Timeframe:

Since no correcting action is available, timeframe does not apply.
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4.0 HAZARD ANALYSIS
There were no hazards identified in this equipment (see KSC form 21-428).

System Safety Engineering has identified one safety item of concern. NSS/GO
1740.9, 3.2.5, f, within the NASA safety standard for 1ifting devices and
equpment state that mobile cranes shall have at least one upper limit switch
to prevent two blocking. The referenced Link Belt mobile crane does not
comply with this requirement. Section 1.4 titled Applicability and Exclusions
within 1740.9, dated July 1988 also states, "The design requirements contained
herein are applicable to new hardware purchased after six months from the
issue date of this document". The Link Belt mobile crane was purchased
approximately a year and a half ago.

A separate and comprehensive NASA study for lifting devices is underway
according to NASA Safety and NSS/GO 1740.9, 1.4 which states, "existing
equipment will be reviewed for compliance with design aspects of this standard
within 12 months of its issue". At the end of NASA's scheduled one year
study, any lifting device found in violation will either be given a permanent
waiver or action will be implemented to eliminate any standard violations.
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HAZARD IDENTIFICATION DATA

SAAO9FTO1-006

SYSTEM/SUBSYSTEM (Title) i WO PMHN PCN
Link Belt 40-Ton Mobile Crane : H72-1394
at KSC
The following hazard identification criteria were considered during the hazard analysis:
DESIGN SAFETY CHECKLIST SECTION NUMBER AND TITLE:
] ]
1 [
L (I
[X] HAZARD ANALYSIS ELEMENTS (GP-1045, APPENDIX B)
[C] FAILURE MODE AND EFFECT ANALYSIS (FMEA)
] FUNCTIONAL AND PHYSICAL INTERFACES
[X] OCCUPATIONAL SAFETY AND HEALTH STANDARDS (OSHA)
[] SW—E—0002, SPACE SHUTTLE PROGRAM GSE GENERAL DESIGN REQUIREMENTS
The Hazard Analysis was based on the following system documentation(list documents here):
B/L: 330,00
Cocument/Drawing Number Title
GP-1045 Hazard Analysis Instructions
KSC-STD-0002B Design Requirements For Lifting and Hoisting
Equipment
NSS/G0-1740.9 NASA Safety Standard For Lifting Devices and
Equipment
29CFR 19310 . OSHA Standards
NSTS 22254 Methodology For Conducting NSTS Hazarxd
Analysis

No hazards identified .

&Y L ST

Sygq:em Safety Engineer

DESIGNER: ij P- /g [nf !j 9957 APPROVED (NASA):

Supervisor, System Safety Engineering
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5.0 CONTROL LOGIC ANALYSIS
5.1 SOFTWARE APPLICATION SET REVIEW

There is no prerequisite or reactive control logic associated with this
system; therefore, no Software Application Set Review is required.

5.2 GROUND LAUNCH SEQUENCER REVIEW

There are no Ground Launch Sequencer sequences required for this system;
therefore, no Ground Launch Sequencer Review is required.

5.3 LAUNCH COMMIT CRITERIA REVIEW

There are no Launch Commit Criteria requirements for this system; therefore,
no Launch Commit Criteria Review is required.

5.4 LPS/CCMS CONTROL FUNCTION ANALYSIS

There are no LPS/CCMS Function Designators (FDs) associated with this system.
6.0 END-TO-END ANALYSIS

6.1 END-TO-END SYSTEM SUMMARY

The Link Belt 40-Ton Mobile Crane HSP-8040 is a commercially designed and

constructed piece of equipment. The mobile crane complies with all OSHA and

ANSI requirements. This hoist is intended to interface wtih standard 1ifting

shackles and slings.

LINK BELT 40-TON
MOBILE CRANE
HSP-8040
SAAQ9FTO1-006

End-To-End Block Diagram

108

890905keM3-891



SAAD9FTO1-006

6.2 AREAS OF CONCERN
The following Area of Concern was identified during this analysis:

a. The mobile crane has an audio/visual anti-two block system that
alerts the operator that a two block situation (hook block or ball
contacting the sheaves of the boom head machinery) is imminent. The
system is activated when the hook ball or block contacts a suspended
weight. The operator stops hoisting to prevent the two block situa-
tion. This system is not the same as the one upper limit switch to
prevent two blocking as required by paragraph 3.2.6.F of
NSS/G0-1740

7.0 SNEAK CIRCUIT ANALYSIS

There was no Sneak Circuit Analysis performed on this system.

8.0 EMERGENCY SAFING ANAYLSIS

There are no emergency safing circuits associated with this system.
9.0 CRITICALITY CATEGORY 1R STAR (1R*) ITEMS

There were no category 1R* items identified during the analysis of the
critical output functions identified in section 2.4 for this equipment.
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